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CONCEPTION AND EMBRYONIC DEVELOPMENT IN THE BEEF FEMALE
Ralph R. Maurer,' Sherrill E. Echternkamp, and William F. Pope

Introduction
Reproduction

is an important

economic trait in beef cattle production.
The average percent calf crop for the
United States has been estimated between 80 to 85%. Approximately 60% of
the reduction in calf crop can be attributed
to fertilization failure and embryonic
death. We conducted several studies to
determine at what stage of the reproductive cycle losses were incurred in normal
reproducing cows and heifers and in cows
and heifers that failed to reproduce. In
addition, we measured hormone levels in
normal range cows and heifers and used
techniques like embryo transfer and culture to study the development of the
embryo.
Procedure
Embryonic Development in Cows
and Heifers. One hundred two, two- or
three-way crossbred heifers, 18 to 24
months old, and 57 Black Angus,
Limousin x Black Angus, or Limousin x
Hereford crossbred cows, 3 to 12 years
old, were mated to Black Angus or Red
Poll bulls. The mated females were
slaughtered on days 2 to 8 or 14 to 16 of
1Ralph R. Maurer is a research physiologist, at MARC.

Continued.
tability is increased by significant between
herd genetic variation. Several generations of extensive outcrossing would introduce about half of the between herd genetic variance into a herd and increase heritability and effectiveness of individual
selection in subsequent
generations.
However, accuracy
of selection and
genetic change during the outcrossing
period would be reduced relative to use of
progeny tested sires.
Estimates of heritability for percentage calving difficulty and survival were
low. The estimates of heritability for survival traits (low, 4 to 14%), postweaning
growth traits (moderate, 27 to 46%), and
carcass traits (moderate to high, 23 to
52%) compare closely with previous estimates for similar traits. The heritability
estimates for preweaning growth tended
to be lower in this study (low, 5 to 15%)
than in previous reports, possibly because all calves were raised by 2-year-old
dams in the first year and by 2-year-old
and 3-year-old dams in the second year,
which provide a more limited maternal environment than cows of more mature

ages.

Table 1.-Recovery and fertilization rates and percentage of normally
developing embryos at 2 different times during gestation
Days
after
mating

2t08

14to 16

Females
Type

Number

No.egg
orembryo
recovered
(%)

Unferti.
lized
(%j

Embryos
DegenNormal
erating
(%j
(%j

Heifer

72

9

15

15

61

Cow

36

0

0

17

83

Heifer

30

27

0

3

70

Cow

19

11

0

16

73

gestation (day 0 = day of estrus) and their
reproductive tract flush,ed with phosphate
buffered saline to recover an oocyte or
embryo. The results are presented in
Table 1. In cows, a 100% recovery and
fe~ilization rate was found while in heife(s, 91% of the ova or embryos were recovered and 15% were classified as unfertilized.
After 8 days of gestation,
embryonic death was occurring or had
occurred in 15% of embryos from heifers
and 17% of embryos from cows. At days
14 to 16 of gestation, the increase in the
percentage of nonrecoverable embryos in
both cows and heifers can be attributed to
fertilization failure and embryonic death.
In the heifers, most of embryonic death
had occurred by day 8 of gestation while
in cows, 63% of the embryonic death had
occurred or was occurring by day 8 and
continued until day 16 of gestation. Cows
and heifers had the same percentage of
normal developing embryos at days 14 to
16, but the losses incurred were by fertilization failure and embryonic death in
heifers but only by embryonic death in
cows. Biologically, the increase in fertilization failure in heifers would be reasonable since heifers that fail to reproduce
are culled after two exposures of 45 days
to bulls. Therefore, cows would be ex-

embryo or oocyte. The results are presented in Table 3. The remaining 28
females were slaughtered but were not
exposedto bulls because their reproductive tract did not feel normal upon palpation.

pected to have a higher fertilization rate .
than heifers.
Beef Females Culled for Failure to
Reproduce. One hundred thirty-two
females of various breeds were culled in
1979 and 1980 for failure to maintain a
pregnancy. Number and percentage of
females culled by age are presented in
Table 2. One-third of the females were
heifers that failed to maintain a pregnancy. An equal percentage of 3-, 4-, and
6-year-old females were culled. Of the
132 females, 103 were observed for
estrus and exposed to bulls for 25 days.
The mated females were slaughtered on
various days of gestation up to day 22.
Their reproductive tracts were flushed
with physiological saline to recover an

Percentage of

Unlike the cows presented in Table 1,
the twice open females had a very high
percentage of unrecoverable oocytes or
embryos. This percentage of unrecoverable ova did not increase greatly with increased gestation length, indicating an
early loss of the oocyte or embryo. The
early loss of an oocyte or embryo indicates either a failure to collect the oocyte
by the oviduct, accelerated oocyte transport through the reproductive tract, or defects in shedding the oocyte from the ovary. The uterine flushings were analyzed
for total protein, zinc, and calcium. The

Table 2.-Number and ages of beef
females culled in 1979 and 1980
for failure to reproduce after 2
exposures of 45 days to bulls
Age
23456789

Number

4320171520 9 4 4

total culled _ _ _ _ __

Table

33 15 13 11 15 7

3

3

3.-Recovery rate and per-

centage of abnormal and normal
developing embryos in females
culled for failure to reproduce

Number
of
females

103

Number
wrthno
recovery
of an
ova or
embryo

Number
with
unfertilized
oocytes
or
abnormal
embryonic
development

55
(53%)

14
(14%)

Number
wrth
normal
development

34
(33%)
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flushings from females in which no oocyte
or embryo was recovered generally had
increased levels of protein, zinc, and calcium, which suggests that these females
may have a hormonal imbalance.
Hormone Levels in Pregnant and
Nonpregnant
Females. Progesterone
distribution
within the reproductive
tract. Ten beef cows were mated naturally at the onset of estrus and slaughtered
12 to 15 days later. Reproductive tracts
were collected and six samples of tissue
were collected from each reproductive
tract-mesosalpinx,
mesometrium, uterus
(two locations), uterine artery, and bifurcated uterine artery. Each tissue sample
was analyzed for progesterone content.
The tissues on the same side as the corpus luteum had higher progesterone content than tissues from the opposite side.
The tissues adjacent to the corpus luteum
had higher levels of progesterone than
tissue further from the corpus luteum.
Therefore, a gradient of progesterone
concentration exists within tissue from the
reproductive tract. This gradient was similar in pregnant and nonpregnant females.
Hormonal asynchrony as a cause
for fertilization failure and embryonic
death. Twenty-four cows and 24 heifers
were observed continuously for the onset
of estrus. All females observed in estrus
were either artificially inseminated or
naturally mated. Blood samples were collected immediately after mating and every
4 hr for the first 40 hr and thereafter twice
daily until slaughter at day 8 to 10 or 13 to
16 of gestation. Reproductive tracts were
collected and flushed with physiological
saline to recover an oocyte or embryo.
Blood samples were analyzed for luteinizing hormone (LH) and progesterone concentration. All cows and 22 of 24 heifers
were detected in estrus. Since we found
no differences in hormone levels between
cows and heifers, we combined all
females and grouped them according to
physiologic status. Seventeen females
had normal developing embryos, 8 had
unfertilized
oocytes or degenerating
embryos, 6. had no recovery of either an
oocyte or embryo, and 15 failed to ovulate. Handling stresses, blood collection,
and animal restraint probably contributed
greatly to inhibit ovulation in the females
that failed to ovulate.
Results from the analyses of blood
serum for LH and progesterone content
are presented in Table 4. Females with
embryos developing normally had a higher LH peak height than females with unfertilized
oocytes
or degenerating
embryos and females with no recovery of
an oocyte or embryo. Progresterone con-

tent was greater in females with a normal
embryo at day 3. At day 6 of gestation,
progsterone levels were greater in
females with a normal embryo than in

18

Table 4.-Luteinizing hormone and progesterone concentration in pregnant and nonpregnant females

Number

Luteinizing
hormone
peak
height
(nglml)

Interval
in hours
from onset
of estrus
toLH
peak height

Day 3

Day 6

Normalembryo _ _ _ _ _ _ _ _ _ _
Unfertilized oocyte or

17

34.3:!:4.7

8.9:!:2.1

0.56:!: 0.08

2.01 :!:0.20

degeneratingembryo _ _ __

8

11.8:!:6.8

13.7:!:3.7

.21:!: .03

.97:!: .18

6

13.3:!:2.5

13.5:!:6.2

.34:!: .12

1.96:!: .34

Average
number
useable
embryos

Percentage
offemales
with
useable
embryos

Physiologicstatus

Progesterone
oontent (ng/ml)

No recovery of

oocyteorembryo_ _ _ _ _ _ _
Mean := standard deviation.

Table 5.-Superovulation

of cows and heifers
Number
super.
ovulated

Breed

Average
number
corpusluteum

1

Average
number
oocytesl
embryos

Hereford:
Heifers

21

Cows

7

6.6
(1-10+)
8.3
(7-10+)

4.8

2.5

(0-16)
7.3

(0-12)
5.1

(5-11 )

(1-10)

10/21
47.6
7/7
100.0

Brown Swiss:
Heifers

24

Cows

4

7.3
(2-12)
6.8
(4-10+)

2.7

4.0
(0-11)
7.5

16/24
66.7
214
50.0

(0-9)
1.8
(0-5)

(0-17)

'The response range is given in parentheses.

Table 6.-Summary

of pregnancy rate by recipient breed and genotype
Breed of recipient
Brown Swiss
Hereford

Embryogenotype

Brown Swiss <5x Hereford 2 _ _ _ __
Hereford <5x Brown Swiss 2 __ _ __

8/32 (25)
3/36 ( 8)
11/68(16)

10/42 (24)
11/29 (38)
21/71 (30)

Total

18/74 (24)
14/65 (22)
321139

(23)

Number pregnant
1Number transferred

2Numbersin parenthesesare percentages.

females with an unfertilized oocyte of degenerating embryo. The reduced hormone concentration and delayed secretion of hormones may produce a uterine
environment that is bad for the oocyte
and the spermatozoa. Therefore, the end
result is fertilization failure or embryonic
death or both.

Embryo

Development

After

Embryo Transfer. Embryo transfer is
being used commercially to increase the
number of offspring from cows with high
production.Embryotransfer is also an important tool in research to study
embryonicdevelopment, uterine environment, and maternal contributions to
embryonicdevelopment.
We collected embryos nonsurgically

on day 8 of gestationfrom 28 Brown
Swiss and 29 Hereford donors that had
been injected with follicle stimulating hormone to induce superovulation.
The

Brown Swiss females were mated to
Hereford males, and the Hereford
females were mated to Brown Swiss
males. Viable embryos were transferred
nonsurgically to Brown Swiss and Hereford females on days 7, 8, and 9 of the
estrous cycle.
The results of the superovulation are
presented in Table 5. Average embryo
recovery rates were 53.7% for Brown
Swiss donors and 76.4% for Hereford
donors-. Pregnancy rates following
embryo transfer are presented in Table 6.
More Hereford cows maintained their
pregnancy than Brown Swiss cows;
however, genotype of the embryo and
age of the recipient also influenced pregnancy rates. More 5-year-old cows maintained their pregnancy than did younger
or older cows, but no cows 8 years of age
or older maintained a pregnancy (Table
7). Therefore, breed of recipient, dissimiContinued at bottom of next page.

BLOOD FLOW TO THE UTERUS
Sherrill E. Echternkamp' and Stephen P. Ford

Summary
Pattern of blood flow to the bovine
uterus was determined by using electromagnetic blood flow probes during the
estrous cycle and early pregnancy to evaluate the effect of the early bovine conceptus on uterine blood supply. Pattern of
blood flow through the middle uterine
artery of pregnant and nonpregnant cows
was similar until day 14 after mating or
estrus. Between days 14 and 18 of pregnancy, blood flow to the uterine horn containing the conceptus increased two-tothreefold, whereas blood flow to the other
uterine horn in these cows remained constant. By day 19 of pregnancy, blood to
the pregnant horn had returned to the
level on day 13. Blood flow to both uterine
horns of pregnant cows was low from
days 19 to 25 and then increased to the
pregnant horn through the remainder of
pregnancy. Uterine blood flow during the
estrous cycle of nonpregnant cows was
positively associated with systemic concentrations of estradiol, whereas during
pregnancy blood flow was positively related with progesterone concentration.
These data indicate local control of uterine blood flow by the bovine conceptus,
which may function to create optimal conditions for the continuation of pregnancy.
'Sherrill E. Echternkamp is a research
physiologist at MARC.

Continued.

larity of breeds between recipient, and
donor and age of recipient all influenced
survival of transferred embryos.

Table 7.-Nonsurgical
embryo
transfer in different aged cows
Age
(years) BrownSwiss
3
4
5
6
7
8
9
10

2/9
5/24
3/7
1/9
0/4
0/11
0/2
0/2

(22)
(21)
(43)
(11)
( 0)
( 0)
( 0)
( 0)

11/68 (16)

Hereford

0/1
8/27
8/21
4/14
1/8

(0)
(30)
(38)
(29)
(13)

21/71 (30)

Total

2/10
13/51
11/28
5/23
1/12
0/11
0/2
0/2
32/139

(20)
(25)
(39)
(22)
( 8)
(0)
(0)
(0)
(23)

Pregnant
1Number transferred

2Numbers in parentheses are percentages.

Introduction

Results

Maternal r~cognition of pregnancy in
the cow requires the presence of a conceptus on day 15 to 17 after mating. The
mechanism responsible for maintenance
of the corpus luteum during early pregnancy, and the way in which the embryo
influences the process, are not clearly
understood but may involve a local effect
of the conceptus on uterine blood flow.
This experiment was conducted to see if
the embryo does indeed stimulate synthesis of a factor that increases blood flow to
the uterus.

Nonpregnant cows. Rates of ute.
ine blood flow through the ipsilateral an )

Procedure
In an effort to determine if the early
bovine conceptus could affect uterine
blood supply, as well as characterize
oloodflow pattern to the uterus during the
estrous cycle, blood flow transducers
were chronically implanted around both
middle uterine arteries of six multiparous
Hereford cows.
The flow transducer probes were surgically implanted around a segment of the
middle uterine artery (from which a 1 em
segment of adventitia was removed), supplying each uterine horn before its first
division in the mesometrium. The electrical connector of each flow transducer was
exteriorized from the abdominal cavity
through a small flank incision, attached to
the skin over the incision site, and connected to a square-wave electromagnetic
flow meter that displayed blood flow
measurements (ml/min) at 15-sec intervals. Daily blood flow estimates were
obtained
by averaging
the 15-sec
measurements obtained during a daily
30-min monitoring period.
The cows were housed in stanchions
except for daily AM and PM estrous detection. All cows were mated at the first
estrus after placement of the probes. The
cows were slaughtered after their retum
to estrus 21 days later (nonpregnant) or if
no estrous activity, on day 30 to 35 after
mating (pregnant). Pregnancy and placement of flow transducers were verified at
slaughter. The uterine artery supplying
blood to the uterine horn adjacent to the
ovary with the corpus luteum was referred
to as the ipsilateral artery, whereas the
uterine artery supplying the other uterine
horn was referred to as the contralateral
artery. Jugular vein blood samples were
collected daily via an indwelling cannula
from each cow after the daily monitoring
of uterine blood flow to determine serum
estradiol 17 and progesterone by radioimmunoassay.

contralateral uterine arteries did not diffE '

significantlyon anyday duringthe estrou ;
cycle in the nonpregnantcows; thereforE,

the ipsilateraland contralateraluterinf
arterial blood flow curves were pooled f(
the nonpregnant cows. Blood flow to th

.
!

uterus of the three nonpregnant cow,
(Fig. 1) was highest from 2 days befor !
onset of estrus to 1 day after estrus. Bloo I
flow had decreased by day 2 (estrus =
day 0) and gradually declined to day 6. A
three nonpregnant cows exhibited two
transient increases in uterine blood flOl
between days 7 to 15 of the cycle, fo
lowed by a decline on day 16, which pre
ceded the rise in uterine blood flow 2 day
before the subsequent estrus.
Serum concentrations of estradic
(Fig. 2) were highest at estrus, and twl
transient increases were observed durin!
the luteal phase of the estrous cycle in a
cows. The increases in serum estradic
coincided with increases in blood flow tl
the uterus, resulting in a positive rela
tionship between serum estradiol an<
uterine blood flow in the nonpregnan
cow. The positive relationship betweer
serum estradiol and uterine blood floy
may have resulted from the vasodilato!,,!
action of estradiol.

Pregnant cows. The pattern O'
blood flow to the uterus of pregnant cow~
was similar to that of nonpregnant cow~
until day 13 after mating (Fig. 3). Betweer
days 14 and 18 of pregnancy, blood flo'A
through the uterine artery supplying the
pregnant horn increased two to threefold
whereas blood flow through the contra.
lateral uterine artery remained constant
By day 19 of pregnancy,
blood flov.
through the ipsilateral uterine artery hac
returned to a flow rate similar to thaI
observed on day 13. Blood flow to bott'
uterine horns of the pregnant cows reo
mained constant from day 19 until day 25,
when blood flow to the pregnant horn in.
creased markedly to day 30. In contrast,
blood flow through the contralateral uterine artery exhibited a progressive decline
from day 24 to day 30.
From 0 to 19 days of pregnancy, concentrations
of progesterone
in the
systemic blood followed a pattern similar
to that observed during the estrous cycle
of nonpregnant cows (Fig. 4). Instead of
declining to a low level, as observed in
nonpregnant cows on day 20, progesterone concentrations of pregnant cows remained high and relatively constant for
19
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